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Attenuated Age-Related Thinning of Peripapillary Retinal 
Nerve Fiber Layer in Long Eyes
Eun-Ji Kim, Samin Hong, Chan Yun Kim, Eun Suk Lee, Gong Je Seong
Institute of Vision Research, Department of Ophthalmology, Yonsei University College of Medicine, Seoul, Korea
Purpose: To assess the impact of axial length on the age-related peripapillary retinal nerve fiber layer (RNFL) 
thinning.
Methods: This cross-sectional observational comparative case series included 172 eyes from 172 healthy Korean 
subjects. Peripapillary RNFL thickness was measured using an Optic Disc Cube 200 × 200 scan of spectral do-
main Cirrus HD OCT and the axial length was measured using IOL Master Advanced Technology. In age groups 
based on decade, the normal ranges of peripapillary RNFL thickness for average, quadrant, and clock-hour sec-
tors were determined with 95% confidence intervals. After dividing the eyes into two groups according to axial 
length (cut-off, 24.50 mm), the degrees of age-related RNFL thinning were compared.
Results: Among the eyes included in the study, 53 (30.81%) were considered to be long eyes (axial length, 25.04 ± 
0.48 μm) and 119 (69.19%) were short-to-normal length eyes (axial length, 23.57 ± 0.60 μm). The decrease in 
average RNFL thickness with age was less in long eyes (negative slope, -0.12 μm/yr) than in short-to-normal 
length eyes (negative slope, -0.32 μm/yr) (p < 0.001). 
Conclusions: Age-related thinning of peripapillary RNFL thickness is attenuated in long eyes compared to 
short-to-normal length eyes.
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Glaucoma is a progressive optic neuropathy and the retinal 
nerve fiber layer (RNFL) is a sensitive indicator of early 
glaucomatous damage [1,2]. It is well known that older pa-
tients have an increased risk for glaucoma. Histologic studies 
have reported a linear decay of ganglion cell axons as age in-
creases [3]. Myopia has been reported as a risk factor for 
glaucoma, but, there is also controversy regarding the influ-
ence of myopia on peripapillary RNFL thickness. 
Budenz et al. [4] found that a decreaseing mean RNFL 
thickness is correlated with increasing age, axial length and 
smaller optic disc area measured by optical coherence to-
mography (OCT). By contrast, Vernon et al. [5] did not find 
any statistically significant correlation between axial length, 
refractive error or age and mean RNFL thickness. There have 
been some studies on Korean eyes to determine the changes 
in peripapillary RNFL thickness according to the degree of 
myopia and the effects of age on global and sectoral peri-
papillary RNFL thicknesses [6-8]. To our knowledge, an as-
sociation of axial length with age-related peripapillary RNFL 
thinning in myopic Koreans has never been reported. The 
purpose of this study was to assess the impact of axial length 
on age-related peripapillary RNFL thinning measured in 
healthy Korean eyes by a Cirrus HD OCT.
Materials and Methods
Subjects
After obtaining the approval of our Institutional Review 
Board for this study, we enrolled 172 healthy Korean sub-
jects (age, 26 to 65 years) who visited the Health Promotion 
Center of our institute. They underwent a comprehensive 
medical examination including ophthalmologic examination 
and their clinical records were also reviewed. The subjects 
were excluded if they had any history of ocular trauma, or in-
traocular surgical or laser treatment. All participants with 
diabetes or any other systemic disease or medication affect-
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Table 1. Characteristics of long and short-to-normal length eyes
Group 1* (n = 53) Group 2† (n = 119) p-value
Age (yr) 42.77 ± 8.96 44.92 ± 10.32 0.193
CVA (logMAR)  0.035 ± 0.063 0.053 ± 0.089 0.189
IOP (mmHg) 14.70 ± 3.17 14.29 ± 2.68 0.390
AXL (μm) 25.04 ± 0.48 23.57 ± 0.60 <0.001‡
Values are presented as mean ± SD.
CVA = corrected visual acuity; IOP = intraocular pressure; logMAR = logarithm of the minimal angle of resolution; AXL = axial length.
*Long eyes, 24.5 < AXL ≤ 26.0 mm; †Short-to-normal eyes, 22.0 < AXL ≤ 24.5 mm; ‡p < 0.05.
Table 2. Retinal nerve fiber layer thickness in long and short-to-normal length eyes
Group 1* (n = 53) Group 2† (n = 119) p-value
Average RNFL thickness (μm)  96.32 ± 8.47  98.87 ± 10.01   0.109
Superior quadrant RNFL thickness (μm) 122.17 ± 14.50 123.81 ± 17.04   0.544
Nasal quadrant RNFL thickness (μm)  67.13 ± 9.74  70.73 ± 10.20   0.032‡
Inferior quadrant RNFL thickness (μm) 121.94 ± 14.08 132.02 ± 18.80 <0.001‡
Temporal quadrant RNFL thickness (μm)  74.21 ± 14.82  68.71 ± 10.92   0.007‡
Values are presented as mean ± SD.
RNFL = retinal nerve fiber layer; AXL = axial length.
*Long eyes, 24.5 < AXL ≤ 26.0 mm; †Short-to-normal eyes, 22.0 < AXL ≤ 24.5 mm; ‡p < 0.05.
ing the visual field or RNFL were also excluded.
Ophthalmologic examination
Their ophthalmologic exam included the corrected visual 
acuity (CVA), intraocular pressure (IOP), spherical and cy-
lindrical refractive errors (Auto Ref-Keratometer RK-3; 
Canon Inc., Tokyo, Japan), axial length (AXL; IOLMaster 
Advanced Technology, software ver. 5.02; Carl Zeiss Meditec 
Inc., Dublin, CA, USA), nonmydriatic fundus and optic disc 
photographs (Fundus Camera VX-10; Kowa Company, 
Tokyo, Japan), and peripapillary RNFL thickness measure-
ments obtained with a spectral domain Cirrus HD OCT 
(Model 4000, software ver. 3.0.0.64; Carl Zeiss Meditec 
Inc.). The IOP was checked with a noncontact pneumo-
tonometry (Tonometer TX-10, Canon Inc.), and then re-checked 
with a Goldmann applanation tonometry when the measure-
ments were repeatedly higher than 21 mmHg.
The peripapillary RNFL thickness was measured by an 
Optic Disc Cube 200 × 200 scan of the Cirrus HD OCT. The 
Cirrus HD OCT measures RNFL thickness along a circle 
with a 1.73-mm radius around the optic disc. The scanning 
radius was not adjusted by other factors such as optic disc 
size. The same instrument was used by the same operator. 
Measurements were performed without pupil dilation and as 
previously described elsewhere [9]. Scans with blinks or 
with a low signal strength (<6) were excluded from the 
analysis.
Only healthy eyes with a CVA of 20 / 30 or better, IOP of 
less than 21 mmHg, spherical refractive error within +/- 4.00 
diopters and cylinder refractive error within +/- 3.00 diop-
ters, 22.00 < AXL ≤ 26.00 mm, and normal appearance of 
optic nerve head, RNFL and fundus were included in the 
study. Both eyes of each subject were included if they sat-
isfied the entry criteria. 
Statistical analysis
After dividing the study population into two groups ac-
cording to their AXL (group 1, long eye group, 24.50 < AXL 
≤ 26.00 mm; group 2, short-to-normal length eye group, 
22.00 < AXL ≤ 24.50 mm) [10], the mean RNFL thickness 
and the correlation coefficient (β) of simple linear regression 
with age were determined for each scanned sector and com-
pared between two groups. A comparison between the β val-
ues was performed using the MedCalc ver. 9.6.4.0 (MedCalc 
Software, Mariakerke, Belgium) and all other statistical anal-
yses were performed using the SPSS ver. 12.0.1 (SPSS Inc., 
Chicago, IL, USA).
Results
One hundred seventy-two eyes of 172 healthy Korean sub-
jects were analyzed and their characteristics are shown at 
Table 1. According to their AXL, 53 eyes (30.81%) were clas-
sified as long eyes (mean axial length ± SD, 25.04 ± 0.48 μm) 
and 119 eyes (69.19%) were classified as short-to-normal 
length eyes (mean axial length ± SD, 23.57 ± 0.60 μm). Age, 
CVA, and IOP were similar between the two groups. 
Table 2 shows comparisons of the RNFL thickness between 
the groups. The mean average RNFL thicknesses of long eyes 
and short-to-normal length eyes were 96.32 ± 8.47 μm and 
98.87 ± 10.01, respectively. The RNFLs were thinner in the 
long eyes than in the short-to-normal length eyes in the nasal 
and inferior quadrants (p = 0.032 and p < 0.001, respectively). 
However, the temporal quadrant was thicker in the long eyes 
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Table 3. Linear regression equation between age and retinal nerve fiber layer thickness in long (group 1) and short-to- 
normal (group 2) length eyes
Scanned sector Linear regression equation R2 p-value*
Average Group 1 RNFL = -0.116 × (age) + 101.28 0.015 <0.001
Group 2 RNFL = -0.317 × (age) + 113.08 0.106
Superior quadrant Group 1 RNFL = 0.030 × (age) + 120.90 0.001 <0.001
Group 2 RNFL = -0.564 × (age) + 149.14 0.117
Nasal quadrant Group 1 RNFL = 0.214 × (age) + 57.97 0.039 <0.001
Group 2 RNFL = 0.124 × (age) + 65.14 0.016
Inferior quadrant Group 1 RNFL = -0.259 × (age) + 131.10 0.007 <0.001
Group 2 RNFL = -0.580 × (age) + 158.07 0.094
Temporal quadrant Group 1 RNFL = -0.580 × (age) + 99.01 0.123 <0.001
Group 2 RNFL = -0.246 × (age) + 79.74 0.054
RNFL = retinal nerve fiber layer.
*p < 0.05.
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Fig. 1. Relationship between age and average peripapillary retinal nerve fiber layer (RNFL) thickness in long (A) and short-to-normal length 
(B) eyes. 
than in the short-to-normal length eyes (p = 0.007).
Table 3 shows the linear regression of the effects of age 
on RNFL thickness. The decrease in average RNFL thick-
ness with increasing age in long eyes (negative slope, -0.12 
μm/yr) was less than that in short-to-normal length eyes 
(negative slope, -0.32 μm/yr) (p < 0.001). In all quadrants, 
age-related RNFL thinning was significantly different be-
tween the two groups (all p < 0.001) (Table 3 and Fig. 1). In 
detail, for superior and inferior quadrants, the RNFL thick-
ness in long eyes declined more with age than RNFL thick-
ness in short-to-normal length eyes. Meanwhile, for the 
temporal quadrant, the RNFL thickness in long eyes 
showed faster thinning with age compared to the other 
groups. And, in long eyes, the RNFL thicknesses on the in-
ferior and temporal quadrants decreased according to age; 
in short-to-normal length eyes, the RNFL thicknesses de-
creased in age in three quadrants, not including the nasal 
quadrant. 
Discussion
Our results show a statistically significant linear decrease 
in average RNFL thickness with age, with a negative slope of 0.12 
μm/yr for long eyes and 0.32 μm/yr for short-to-normal 
length eyes. The decrease in average RNFL thickness with 
increasing age in long eyes was less than that in short-to-normal 
length eyes. With respect to quadrants, the RNFL thicknesses 
for the superior and inferior quadrants in long eyes declined 
more with age than the short-to-normal length eyes. Further, 
in long eyes, the RNFL thicknesses in the inferior and tempo-
ral quadrants decreased according to age; in short-to-normal 
length eyes, there was a decrease in three quadrants, not in-
cluding the nasal quadrant. Our data are somewhat different 
from those of previous reports; Parikh et al. [11] found the 
maximum decay in the superior and temporal quadrants and 
Sung et al. [12] observed the steepest slopes in the superior, 
inferior, and nasal quadrants using the Stratus OCT. The ex-
act reasons for these differences are unclear, but they could 
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be due to different sample sizes and age distributions or eth-
nic populations. The precise mechanism underlying our find-
ing is not fully understood yet. It is possible that the dis-
tribution of a similar volume of RNFL in a larger area could 
cause the average RNFL thickness to be thinner in long eyes 
compared to short-to-normal length eyes. If the rate of abso-
lute volume of RNFL loss is similar in both eye groups, the 
rate of RNFL thinning may seem more attenuated in long 
eyes than in other eyes.
In addition, in our study, RNFLs were thinner in the long 
eyes than in the short-to-normal length eyes, except for in the 
temporal quadrant. The temporal quadrant RNFL was thick-
er in long eyes. Several studies [6,13] have reported that a 
high myopia group has significantly thicker RNFLs in the 
temporal quadrants, which is similar to our findings. In long 
eyes, the elongation of the globe leads to retinal dragging to-
ward the temporal horizon. Thicker RNFLs in the temporal 
quadrant could be related to retinal dragging. There have 
been several studies reporting a significant association be-
tween myopia and RNFL thickness [14,15], but our present 
study did not find a significant association between myopia 
and RNFL thickness, This difference might be due to the fact 
that we did not include very long eyes and highly myopic 
eyes. Further studies including very long eyes and highly 
myopic eyes are needed to establish the association between 
axial length and age-related peripapillary RNFL thinning and 
to confirm our findings in glaucomatous eyes as well as 
healthy eyes.
In conclusion, we found that age-related thinning of peri-
papillary RNFL thickness is attenuated in long eyes com-
pared to short-to-normal length eyes. Therefore, we suggest 
the need for carefully interpretation of OCT results in pa-
tients with mild degrees of myopia. 
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